Background Recent advances in genetics are particularly relevant in the field of intellectual disability (ID), where sub-microscopic deletions or duplications of genetic material are increasingly implicated as known or suspected causal factors. Data-driven reports on the impact of providing an aetiological explanation in ID are needed to help justify widespread use of new and expensive genetic technologies. Methods We conducted a survey of caregivers on the value of a genetic/aetiologic diagnosis of 22q11.2 deletion syndrome (22q11.2DS), the most common microdeletion syndrome in ID. We also surveyed the opinion of a high-functioning subset of adults with 22q11.2DS themselves. We used standard quantitative and qualitative methods to analyse the responses. Results In total, 73 of 118 surveys were returned (61.9%). There was convergence of quantitative and
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Background Recent advances in genetics are particularly relevant in the field of intellectual disability (ID), where sub-microscopic deletions or duplications of genetic material are increasingly implicated as known or suspected causal factors. Data-driven reports on the impact of providing an aetiological explanation in ID are needed to help justify widespread use of new and expensive genetic technologies. Methods We conducted a survey of caregivers on the value of a genetic/aetiologic diagnosis of 22q11.2 deletion syndrome (22q11.2DS), the most common microdeletion syndrome in ID. We also surveyed the opinion of a high-functioning subset of adults with 22q11.2DS themselves. We used standard quantitative and qualitative methods to analyse the responses. Results In total, 73 of 118 surveys were returned (61.9%). There was convergence of quantitative and qualitative results, and consistency between adult patient and caregiver responses. A definitive molecular diagnosis of 22q11.2DS was a critical event with diverse positive repercussions, even if occurring later in life. Frequently cited benefits included greater understanding and certainty, newfound sense of purpose and a platform for advocacy, and increased opportunities to optimise medical, social and educational needs. Conclusions This is the first study to characterise the impact of a diagnosis of this representative microdeletion syndrome on adult patients and their families. The results both validate and expand on the theoretical benefits proposed by clinicians and researchers. The use of genome-wide microarray technologies will provide an increasing number of molecular diagnoses. The importance of a diagnosis of 22q11.2DS demonstrated here therefore has implications for changing attitudes about molecular genetic diagnosis that could benefit individuals with ID of currently unknown cause and their families.
Introduction
In an era of advanced genetic technologies such as microarrays, anomalies of chromosome structure are an even more important part of clinical practice than before (Lee & Scherer 2010; D.T. Miller et al. 2010) . Recent advances in genetics are particularly relevant in the field of intellectual disability (ID) (Raymond 2003) , where sub-microscopic deletions or duplications of genetic material are increasingly implicated as known or suspected causal factors (Hochstenbach et al. 2009 ). Use of microarray technology doubles the rate of detection of likely causal genetic anomalies in ID over traditional genomewide diagnostic tests (i.e. karyotype) (Hochstenbach et al. 2009) , and the prevalence of children with ID who have a genetic diagnosis is increasing in clinical practice (Verri et al. 2004; Henderson & Dick 2005) . A recent consensus statement proposed that microarray should now be considered the first-tier genetic diagnostic test for ID (D.T. .
The most common microdeletion syndrome in ID (approximately 1 in 40) and in the general population (approximately 1 in 2000-4000) is 22q11.2 deletion syndrome (22q11.2DS) (MIM #188400/#192430) (Kobrynski & Sullivan 2007; Lopez-Rangel et al. 2008) . Most individuals with 22q11.2DS have mild to borderline ID (Chow et al. 2006; De Smedt et al. 2007; Antshel et al. 2010) ; severe levels of ID occur but are uncommon (Bassett et al. 2005; Chow et al. 2006; De Smedt et al. 2007) . Even the minority of individuals with intellect in the average range usually have learning difficulties of various sorts, most notably in arithmetic, abstraction and social cognition (Bassett et al. 2005; Chow et al. 2006; De Smedt et al. 2009 ). Other features frequently associated with 22q11.2DS include multisystem congenital and lateonset conditions [e.g. schizophrenia in 20-25%, hypocalcaemia in 60% and major congenital heart disease (CHD) in 30-40%] ( McDonald-McGinn et al. 1999; Bassett et al. 2005; Fung et al. 2010) . Testing for the associated 22q11.2 microdeletion, using fluorescence in situ hybridisation (FISH) and a specific 22q11.2 probe, has been available since about 1992, but this requires an increased index of suspicion for the syndrome and 22q11.2DS remains under-diagnosed. Routine use of microarray testing is expected to greatly increase identification of 22q11.2 deletions (Bassett et al. 2011) . Recognising 22q11.2DS at any age has the potential to lead to significant changes in medical management, follow-up and genetic counselling that are helpful to the patient, family and clinicians (Kapadia & Bassett 2008; Bassett et al. 2011) . A similar sentiment is expressed for genetic syndromes more generally, although also with limited empiric data (Griffiths & King 2004; Robin 2006; Shur & Abuelo 2009) .
What is the current clinical reality with respect to genetic diagnosis? Data-driven reports on the impact of providing an aetiological explanation in ID are needed to help justify widespread use of new and expensive genetic technologies, and to convince clinicians of their usefulness in practice (Taylor et al. 2006; Ginsburg 2008) . Testing uptake may be particularly low for adults (Taylor et al. 2006) and/or for those with milder forms of ID (the 'forgotten generation') (Tymchuk et al. 2001; Fujiura 2003) , even though many could now receive a genetic/aetiologic diagnosis for the first time (Hochstenbach et al. 2009 ). Diagnosis of important aetiologies in mild and severe ID is already known to occur as a late event in a significant percentage of the population (Verri et al. 2004) . However, this is typically conceptualised only as a missed opportunity with respect to therapeutic interventions and specific genetic counselling for parents (Verri et al. 2004; Henderson & Dick 2005) . Benefits of diagnosis for adults and their families are particularly poorly characterised, and the opinions of adults with ID themselves on this topic are unknown. We surveyed adults with 22q11.2DS and their caregivers across Canada on the advantages and disadvantages of the molecular diagnosis of this representative microdeletion syndrome.
Methods

Participants
We have recruited Canadian adults (Ն18 years) with 22q11.2DS through genetic, adult congenital cardiac and psychiatric services using active screening (Fung et al. 2008; Bassett et al. 2010a ) and/or clinical referrals, and have (re)confirmed 22q11.2 deletions using standard methods . Informed consent was obtained and the study was approved by local research ethics boards. Major CHD status and lifetime Diagnostic and Statistical Manual of Mental Disorders (fourth edition; DSM-IV) psychiatric diagnoses were determined as before (Bassett et al. 2009) , and intellectual level was assessed using standard methods to obtain fullscale IQ (Chow et al. 2006) . We used the American Association on Mental Retardation Classification for mild and severe (IQ <50) ID. Data on adaptive functioning in this sample of adults with 22q11.2DS will be reported elsewhere (Butcher et al. unpublished data) . All patients are followed at our clinic for adults with 22q11.2DS and receive treatment for associated conditions, including psychiatric illness, according to clinical practice guidelines (Bassett et al. 2011) . Principal caregivers were self-identified at clinic visits. All known principal caregivers (n = 84), in addition to a higher-functioning subset of adults with 22q11.2DS, psychiatrically stable and capable of reading at a grade 4 level (n = 34), were included in the study.
Measures
We created a 28-item survey to determine the opinions of adults with 22q11.2DS and caregivers on several topics related to the syndrome. The current study focussed on the six closed-ended 5-point Likert scale items concerning the value of the definitive diagnosis (Appendix 1). Questions were informed by a review of the literature and clinical experience, and were developed with a participatory design. A comment section for each item offered respondents the opportunity to: (i) describe in greater detail any aspect of their experience with 22q11.2DS; and (ii) provide context for Likert scale responses. In this study, we retrospectively contacted previously identified patients and families seen through our clinic and associated research programme. The survey was distributed by surface mail, accompanied by a letter explaining the aim of the study and a postage-paid return envelope with a confidential ID number unique to each family. A reminder letter was sent after 8 weeks, and up to two reminder phone calls were made to non-respondents.
In a minority of cases, a clinical diagnosis of DiGeorge or velocardiofacial syndrome preceded availability of genetic testing for the 22q11.2 deletion. However, most clinical diagnoses were immediately followed by molecular confirmation of the deletion. Questions in the survey were specific to the molecular diagnosis.
Quantitative analysis
Descriptive statistics (frequencies, medians and modes) were used to characterise Likert scale responses. Non-parametric tests (Mann-Whitney U) were used to compare: (i) caregiver responses and adult patient responses; (ii) caregiver responses pertaining to adults with and without mild to severe ID; and (iii) caregiver responses pertaining to adults with and without schizophrenia. Analyses using SAS 9.1 determined statistical significance at the P < 0.05 level (two-sided) (SAS Institute Inc. 1997).
Qualitative analysis
Initial qualitative analysis of substantive comments was done as a paid service by an independent company (van Amsterdam Education and Research Inc.), blind to the identity of the respondents and to the corresponding quantitative responses. Using content analysis, the data were systematically coded by hand and then studied using QSR NVivo9 software (Gibbs 2009 ) to identify key themes. Identified themes were implicit or explicit in: (1) three or more caregiver responses; (2) two or more patient responses; or (3) one or more caregiver responses and one or more patient responses. The textual data were subsequently re-examined by the authors, guided by these preliminary themes and now within the appropriate clinical context. Specific subthemes relating to the impact of the 22q11.2DS diagnosis were isolated, including subthemes implicit or explicit in two or more caregiver or one or more patient responses and that supported a previously suggested benefit or disadvantage of diagnosis. Representative quotations included in the text are all from different individuals, and are therefore not labelled with anonymous individual-specific identification numbers.
Results
In total, 73 of 118 surveys were returned (61.9%): 53 from caregivers (63.1%) and 20 from adults with 22q11.2DS (58.8%) ( Table 1) . Respondents and non-respondents did not differ significantly on any demographic or clinical measure ( Table 1) . There was a non-significant trend (P = 0.090) towards a different rate of response from caregivers of individuals with, compared to those without, CHD ( Table 1) .
Quantitative results
Over 50% of participants endorsed each of the five statements about positive effects of the diagnosis (Fig. 1a, b,d-f) , that is, median and mode 'Agree' or 'Strongly agree'. Responses to the statement about increasing worry about the future were more equivocal (Fig. 1c ). There were no significant differences between caregiver and adult patient responses
There were also no significant differences between responses of caregivers of those with and without mild to severe ID or schizophrenia (analyses not shown). The proportion of caregivers selecting 'Agree' or 'Strongly agree' for each of the six items (Appendix 1) for individuals with and without ID, respectively, was: (1) CHD, congenital heart disease; ID, intellectual disability; IQ, intelligence quotient; SD, standard deviation.
Qualitative results
Substantive comments (>10 words) were recorded by 40 caregivers (75.5%; median = 87 words, range = 13-589 words) and 11 adults with 22q11.2DS (55.0%; median = 50 words, range = 10-236 words). Qualitative results were entirely consistent with the quantitative results and provided further insights into the patient and caregiver perspectives. Content analysis revealed several recurring themes concerning the impact of the genetic diagnosis.
Psychological benefits
Attaining a definitive diagnosis was cited often by respondents as a critical event in their lives. Many caregivers described how having this explanation for the adult's lifelong history of serious intellectual, medical and behavioural issues gave a long-awaited justification for the individual's struggles. In the words of one caregiver: 'The diagnosis gives you a reason for understanding.' The explanatory value of a genetic diagnosis was appreciated in part because of its relation to greater certainty, a sense of relief and better understanding of expectations and prognosis. This was particularly in relation to intellectual functioning. According to another mother: '[With the diagnosis], our daughter is relieved to know there is a reason she can't do math, go to college or be like her school friends.' An adult with 22q11.2DS also endorsed this viewpoint: 'When I found out I had 22q it put me at a place where at least I knew why I had all this [sic] learning difficulties with school, work, etc.' A brother of a patient stated: 'I think that knowing the underlying genetic cause of the condition made it easier for us to understand and accept new diagnoses as they arose.' To some, the diagnosis engendered a newfound sense of purpose to participate in research and other endeavours to help similarly afflicted people. In one mother's opinion: '[The diagnosis] gave us parents a platform.'
Clinical benefits
In addition to providing a unifying explanation for a complex history, a definitive diagnosis sometimes facilitated access to special programmes, new funding opportunities (e.g. extended dental coverage) and more support. As a result of the sampling strategy, all adult patients and caregivers also reported having had some access to the resources of a specialised clinic (including medical consultations and genetic counselling) since receiving the genetic diagnosis. One adult with 22q11.2DS commented that specialised clinics and expert consultation were key to attaining significant clinical benefits from the diagnosis: 'The only improvement that I received was from specialised Drs that did help me.' Some respondents experienced a change in individual attitudes and resulting medical care when able to inform healthcare professionals about the known implications and possible trajectories of the syndrome. One mother stated: 'The diagnosis changed the way medical specialists interacted with me, the caregiver, and as a consequence, the interaction between them and my child was better.'
Lament for missed opportunities
Many respondents recalled feelings of frustration and powerlessness shaped by the uncertainty of years without a genetic diagnosis, and believed that an earlier diagnosis would have been helpful in predicting and preventing difficulties. Some parents reported that not having an accurate diagnosis led to mismanagement in many aspects of their child's life, including medical conditions dealt with in isolation and misattribution of behavioural problems by family members and educators. For example, one mother believed that: 'Not knowing the diagnosis until the patient was 27 led to a lot of frustration and mishandling by medical people ignorant as to how best to manage the care.' Written comments in support of neonatal screening were many and reflected an appreciation for the variability of expression of the 22q11.2 deletion and the absence of curative measures.
Discussion
To our knowledge, this is the first study to investigate the impact of diagnosis of a microdeletion or microduplication syndrome on adult patients and their families. The survey results provide important confirmation of the proposed value of a diagnosis of 22q11.2DS at any life stage and for varying degrees of ID (Griffiths & King 2004; Robin 2006; Kapadia & Bassett 2008; Lopez-Rangel et al. 2008 ). The many ways in which a genetic diagnosis was important from the perspective of patients and their caregivers can be summarised for a clinician audience by placing the results within the familiar framework of Maslow's hierarchy of needs ( Fig. 2) (Maslow 1943) . The results may have implications for the increasing number of genetic diagnoses possible with new genomic analysis technologies (Hochstenbach et al. 2009; D.T. Miller et al. 2010 ) and the potential to change attitudes in the medical community for the benefit of families and individuals with currently unidentified causes of ID. A growing literature in prenatal testing, cancer predisposition and Huntington's disease supports the value of genetic diagnosis in the absence of curative measures (Miller et al. 2006) . Similar benefits are anticipated in ID (Raymond 2003; Lopez-Rangel et al. 2008) , but there remain limited data to substantiate the importance of a genetic diagnosis to the care and wellbeing of children and adults with ID. Of the few other studies to date of single gene disorders and anomalies of chromosome number that are frequently associated with ID, Carmichael and colleagues used a postal questionnaire to catalogue the benefits and disadvantages of knowing the diagnosis for family members of a child with fragile X syndrome (Carmichael et al. 1999) . Other studies reporting on interviews with parents and grandparents of children with fragile X, Down, Klinefelter and Turner syndromes have also delineated the primarily positive meanings that were attributed to these diagnostic labels Lenhard et al. 2005; Poehlmann et al. 2005; Whitmarsh et al. 2007) . The benefits of diagnosis of 22q11.2DS (Fig. 2) are consistent with those reported for these other conditions. The results of this study are also consistent with those of a preliminary study that explored the experiences with the diagnostic process of parents of 12 children with 22q11.2DS (Hallberg et al. 2010) .
Advantages and limitations
A mixed-method design integrating quantitative and qualitative approaches was used to offset the limitations of each approach in isolation (Malterud 2001) . In our sample, caregivers and patients had on average lived for two decades without a diagnosis and one decade with the diagnosis (Table 1) , making them well suited to comment on before and after differences. Inclusion of a subset of patients themselves, which would not have been possible in a paediatric population, bolstered confidence in the presence of widespread benefits of 22q11.2DS identification (Fig. 2) .
Our conclusions are dependent, however, on the diagnosis being accompanied by genetic counselling and provision of other key contextual information, which was true for the population surveyed but is not always the case in practice . There may also be an age-related effect associated with reaction to diagnosis (Hallberg et al. 2010) , suggesting caution in generalising our findings to neonatal diagnosis. Schizophrenia was overly represented in this sample of adults with 22q11.2DS (Table 1) (Fung et al. 2010) , but there were no appreciable differences between responses from the schizophrenia and no psychosis groups.
More data are needed to address other important questions related to receipt of a diagnosis of 22q11.2DS. This study did not evaluate the impact of a diagnosis on family processes (e.g. communication) (Miller et al. 2006) . Our study was also underpowered to assess potential differences between responses pertaining to adults with 22q11.2DS with and without children affected with the condition, a topic deserving of future study. Finally, more research is needed to provide objective evidence that use of new genomic technologies in clinical practice improves health outcomes (Ginsburg 2008) . Future studies of 22q11.2DS, and of other microdeletion and microduplication syndromes, may better focus on the patient perspective by employing research methods such as interviewing that are more accessible and inclusive to those adults with more severe ID and/or literacy issues.
Implications for patients, families, clinicians and the public
Patients and their relatives often regard the function and meaning of a genetic diagnosis differently than do medical professionals (Evans 2006) , and so their opinions are best assessed directly. For example, diagnostic certainty alone appears closely linked to psychological benefit (Rosenthal et al. 2001; Lenhard et al. 2005; Graungaard & Skov 2007) , even when uncertainty remains about the extent of expression of a particular genetic anomaly in any particular individual ( Whitmarsh et al. 2007 ). This may be overlooked by clinicians who equate diagnostic benefit solely with improved medical management. Identification of a 22q11.2 deletion after early childhood provided many adults with 22q11.2DS and families the satisfaction of an explanation for their lifelong challenges, sometimes after years of fruitless investigations (the 'diagnostic odyssey') (Robin 2006; Lee & Scherer 2010; Lewis et al. 2010) . As for autism (F.A. Miller et al. 2010) , genetic findings that explain ID, schizophrenia or other stigmatised neurodevelopmental conditions may be particularly valued for their explanatory value. Notably, this study demonstrated that this and other benefits of diagnosis extend to the adult with ID and not just to family members.
While caregivers valued a better understanding of prognosis, the reality of the syndrome diagnosis had varying effects on worry about the future (Fig. 1c) . For example, psychotic illness is one of the greatest concerns of parents of children with 22q11.2DS (Hercher & Bruenner 2008) , but these concerns have the potential to be productive. Although most individuals with 22q11.2DS do not suffer from schizophrenia, accurate information and knowledge about the increased risk can help caregivers to be more alert to early signs of this and other psychiatric illness and thereby better able to secure necessary treatment and supports in a timely manner . The known association between 22q11.2DS and treatable psychiatric illnesses like schizophrenia and anxiety disorders (Fung et al. 2010 ) is particularly important in those individuals with ID, where clinical diagnosis of a mental illness may be more challenging (Kerker et al. 2004; Werner & Stawski 2011) .
As predicted previously (Griffiths & King 2004) , identification of the underlying syndrome led in some cases to better care that stemmed from improved communication within clinical and medical disciplines and across disciplines (Fig. 2) . For 22q11.2DS, it is increasingly possible to anticipate future care and health needs to allow for healthier ageing. Specific anticipatory care and changes in management (e.g. calcium and vitamin D supplementation to offset propensity for hypocalcaemia) are relevant regardless of the age of the patient (Bassett et al. 2005; Bassett et al. 2011) . The detailed cognitive profile of adults with 22q11.2DS can inform appropriate expectations surrounding educational and vocational achievement (Chow et al. 2006) . Such recommendations are not yet possible for many microdeletion and microduplication syndromes, which await sufficient numbers of individuals identified and assessed at different life stages (Bassett et al. 2010b; Lee & Scherer 2010) .
What are the other main implications of this study? Apprehension regarding syndrome diagnosis within the general medical community may be driven by the belief that a genetic diagnosis merely brings a new 'label' to what is already known, with potentially harmful consequences for the patient and/or family (Griffiths & King 2004; Robin 2006) . Such concerns may contribute to delayed and missed diagnoses of 22q11.2DS (Kapadia & Bassett 2008) . In this study, no deleterious effects of a genetic diagnosis were reported by any caregiver or patient. In fact, as expected (Anonymous 2010; Bales et al. 2010) , nearly all respondents endorsed newborn screening for 22q11.2 deletions (Fig. 1f) . The non-significant trend towards different degrees of support between the patient and caregiver groups may be explained by a more nuanced understanding of the variability of expression of the deletion among the latter. Our findings also suggest that there is a clinical duty to inform individuals identified to have a 22q11.2 deletion in large-scale genetic screening studies where these deletions are likely to be ascertained. In certain countries and jurisdictions, this evidence for benefits of a molecular diagnosis may have important consequences with respect to private and public financial support for genetic testing and counselling (Taylor et al. 2006; Ginsburg 2008) . Finally, increasing patient and family advocacy for rare conditions can lead to an increase in impactful, clinically focussed research (Ingelfinger & Drazen 2011) .
Many individuals with 22q11.2DS remain undiagnosed, and most have ID. Awareness of 22q11.2DS is low among clinicians and educators (Lee et al. 2005) . The results of this study provide further clinical impetus to identify, molecularly diagnose and provide genetic counselling for 22q11.2DS and other microdeletion and microduplication syndromes in adolescents and adults with ID -populations that remains largely invisible in clinical practice (Taylor et al. 2006; Kapadia & Bassett 2008) . There exist clinical screening criteria that have been successfully implemented in other disease populations like schizophrenia (Bassett et al. 2010a) and adult CHD (Fung et al. 2008) . Also, traditional genetic counselling approaches for adults can be successfully modified to take into account the presence of ID and any associated behavioural problems or psychiatric illnesses (Farwig et al. 2010; Finucane 2010) . Opportunities to optimise management as a result of identifying 22q11.2DS suggest that many individuals with ID could be at the forefront of personalised medicine if diagnosed. Given the increasing indications for clinical use of microarrays in children and adults with ID, the demonstrated importance of a diagnosis of 22q11.2DS has potential implications for the burgeoning field of clinical genetics in ID.
